Context: Children with acute lymphoblastic leukemia (ALL) in first complete remission (CR1) experience hypogammaglobulinemia and are at risk of sepsis during maintenance chemotherapy. Intravenous immunoglobulin (IVIG) has been used to try to circumvent this risk, but no data exist regarding its safety and prevalence in a health maintenance organization.
INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most common type of cancer seen in children. 1 Immunosuppression, secondary to the underlying disease process as well as treatment with chemotherapy, puts these patients at risk of infectious complications, with patients receiving high-risk protocols more at risk than those on standard-risk protocols. 2, 3 These infectious complications often lead to hospitalization and can be clinically significant, such as with bacteremia or fungemia. 4, 5 Past studies have shown a marked immunosuppression, particularly a significant reduction in B lymphocytes, [6] [7] [8] [9] [10] [11] [12] [13] and associated hypogammaglobulinemia, during the maintenance phase of chemotherapy for childhood ALL. Intravenous immunoglobulin (IVIG) has been used in a variety of clinical settings to reduce the frequency and severity of bacterial infections in pediatric and adult patients with primary and secondary antibody deficiencies. 14 Treatment with IVIG has been variably shown to decrease the risk of infection in specific disease processes associated with hypogammaglobulinemia, such as after transplant in bone marrow transplant recipients, in whom it has overall not been shown to decrease the risk of infection or all-cause mortality, 15 and in chronic lymphoid leukemia and multiple myeloma, for which it has been shown to decrease infection but not mortality. 16 In the context of childhood ALL, past studies evaluated the use of IVIG before maintenance chemotherapy. Gimesi et al 17 conducted a prospective, randomized study of 60 children with ALL: 30 in the IVIG group and 30 receiving the same chemotherapy without IVIG. They demonstrated a decrease in the number of identified infections and a decrease in the number and duration of antibiotic treatments with the use of IVIG in the first 6 months of treatment before the start of maintenance chemotherapy. 17 Additionally, IVIG has been used to augment antibiotic treatment in children with leukemia and fever and neutropenia. Sumer et al 18 randomly assigned 33 children to receive either antibiotics with IVIG or antibiotics without IVIG. They found that the duration of fever in the IVIG group was significantly shorter, although the duration of interruption of chemotherapy and length of hospitalization and neutropenia were not different. These studies did show some benefit but were completed at a time that does not reflect current chemotherapy intensities. They also did not evaluate the use of IVIG in the setting of prophylaxis in maintenance chemotherapy. Thus,
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Prevalence and Safety of Intravenous Immunoglobulin Administration During Maintenance Chemotherapy in Children with Acute Lymphoblastic Leukemia in First Complete Remission: A Health Maintenance Organization Perspective although IVIG has been evaluated in other settings, its use has not been evaluated in the context of maintenance chemotherapy in pediatric ALL.
IVIG is an intensive treatment both in terms of the risk and involvement for the patient and from a cost and utilization standpoint for health care providers. Currently, there is no consensus on the use of IVIG in hematologic malignancies in general 19 and specifically in children with ALL and treatment-associated hypogammaglobulinemia. The Supportive Care Guidelines from the Children's Oncology Group recommend, "If clinically indicated, IgG [immunoglobulin G] levels may be monitored throughout treatment. If the IgG level falls below age-determined normal levels, IVIG at 400 mg/kg may be administered at the discretion of the investigator." 20 The aim of our current study is to determine the prevalence and safety of IVIG during maintenance chemotherapy in children with ALL in first complete remission, including the indications for its initiation and discontinuation. We compared the IVIG and non-IVIG groups in terms of risk stratification at diagnosis and infectious complications both before and during maintenance chemotherapy.
METHODS
This study is a multicenter retrospective cohort of patients with ALL aged 9 months to 19 years cared for in our health maintenance organization (HMO) from January 1, 2008, to July 1, 2014. Our HMO currently cares for approximately 900,000 children younger than age 18 years. We have 5 Medical Centers located in 4 counties that care for pediatric cancer patients; all 5 Medical Centers have Pediatric Inpatient Units, and 3 have Pediatric Intensive Care Units, one of which is our primary tertiary care center. Our integrated medical group has regional oversight and a single electronic medical record, but each Medical Center has local control over clinical practice. There are no standard operating procedures for measuring immunoglobulin G (IgG) levels or administering IVIG outside of clinical trial requirements. The dosing of IVIG is standard, however, in our group, at 400 mg/kg per dose.
Patient Selection
Patients with ALL were selected for the study on the basis of International Classification of Diseases, Ninth Revision (ICD-9) codes 204xx and 208xx. This list was cross-referenced with data available from the Children's Oncology Group registry that captures patients enrolled in a study protocol. Patients were excluded from the study for the following reasons: Younger than 6 months of age at time of diagnosis, relapse of ALL or receipt of bone marrow transplant, concurrent or prior additional malignancies, and Down syndrome. Patients also had to have completed at least 12 months of maintenance chemotherapy to be included in the study. Patients with relapse were included if they completed at least 12 months of maintenance chemotherapy before relapse, and only the data before relapse were considered.
Once the patients were identified by ICD-9 codes, the electronic medical record, which contains both inpatient and outpatient data, was reviewed and data were recorded on a standardized information sheet. Each chart was reviewed by both the research assistant and the principal investigator. Treatment roadmaps, stored in the outpatient oncology clinics, were also used to augment and verify information.
In this article, the five Medical Centers caring for our pediatric patients are given the title Medical Center (MC)-A through E; the specific geographic locations of the centers are blinded for 
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Statistical Analysis
Descriptive statistics were computed for all the variables by group (IVIG vs non-IVIG). Comparisons between the groups used nonparametric statistics, including χ 2 , Wilcoxon rank sum, and signed rank tests as appropriate. Univariate logistic regression examinations of each variable with the outcome of interest; IVIG given (group membership) were also computed.
The multivariate analysis involved all variables from the univariate analysis with p values less than 0.25 that were available before the beginning of maintenance chemotherapy. We examined the interrelationship between these variables with a crosscorrelation table and verified that there was a real basis for the relationships revealed. These variables were then put together into a logistic regression model and various variable-selection (backward and forward stepwise, scoring) algorithms were used to see if adequate explanations of the prescribing pattern for IVIG could be determined from the variously selected variables. Variables that correlated too highly with the other variables were removed from the model because of potential multicollinearity problems.
RESULTS
One hundred eighteen patients were included in the analysis, 63 (53%) of whom were male, with an age range from 9 months to 19 years. Table 1 represents the demographic and treatment characteristics of the IVIG group and non-IVIG group.
Thirty-six patients (30%) received IVIG during maintenance chemotherapy for the following reasons (as stated in the physicians' notes): Infection before start of maintenance chemotherapy (n = 5), infection during maintenance chemotherapy (n = 16), prophylaxis for viral exposure during maintenance chemotherapy (n = 4), and decreased immunoglobulin levels only in an otherwise clinically stable patient (n = 11). The infections before maintenance chemotherapy included 2 patients with bacteremia, 2 with fungemia, and 1 with viremia. The infections during maintenance chemotherapy included 6 patients with bacteremia, 5 with viremia, and 5 with fever and neutropenia. In the prophylaxis group, 3 patients were exposed to herpes virus and 1 to rubella.
For the IVIG group (N = 36), IgG levels were checked 243 times, with an average of 7 (range = 2-33) levels per patient. The mean IgG level for 31 of the 36 IVIG patients who had levels checked before administration of IVIG was 474 mg/dL (standard error of the mean = 33.7 mg/dL), and the range was from 89 mg/dL to 785 mg/dL. (The lower limit of normal, as reported by the laboratory, for IgG ranged from 501 mg/dL to 757 mg/dL at various times that the levels were sent.) For IgG, 24 of the 31 patients had levels below the lower limit for normal at the time IVIG therapy was initiated.
The reasons for discontinuation of IVIG treatment, as stated in the physicians' notes, were as follows: End of chemotherapy (n = 16), immunoglobulin levels returned to normal range (n = 7), single dose given for infection (n = 2) or prophylaxis for viral exposure (n = 4), ongoing at the end of the study period (n = 3), parental refusal of additional doses (n = 2), and patient's leukemia relapsed and thus the patient was removed from analysis (n = 2). Of the 36 patients who received IVIG, only 7 had levels checked within 1 month after the time of discontinuation.
A total of 376 doses of IVIG were given to the 36 patients, with an average of 10.5 (range = 1-31) doses per patient. For nearly all patients who were given more than 1 dose of IVIG, the doses were given at consecutive 1-month intervals. Three hundred sixteen doses were given in the clinic, and 53 doses were given in the inpatient setting. For the remaining 7 doses, there was insufficient documentation to determine where they were given.
We reviewed the nursing notes for the 316 doses given in the clinic for adverse reactions, as based on the Common Terminology Criteria for Adverse Events. 21 We found that for 306 doses (96.8%) there was no adverse reaction noted, 1 patient had a Grade 1 reaction, 8 patients had Grade 2 reactions, and 1 patient had a Grade 3 reaction. There were no Grade 4 or 5 reactions. For the Grade 2 reactions, infusions were temporarily interrupted for the following reasons: Low-grade fever that resolved (n = 3), nausea and vomiting (n = 2), headache (n = 2), and chills (n = 1). The Grade 3 reaction was a fever in a neutropenic patient who was subsequently admitted.
Comparison between Medical Centers
There was a statistically significant difference in the mean number of IVIG doses given between Medical Centers (p = 0. 
Comparison of IVIG and non-IVIG Groups
The univariate analysis of infectious complications before maintenance chemotherapy for IVIG vs non-IVIG groups is shown in Table 2 . Patients receiving IVIG had significantly more days between treatment initiation and maintenance initiation vs (Table 3) . Table 4 shows the multivariate analysis of factors associated with IVIG use. Most importantly, patients receiving double-delayed intensification chemotherapy and those with a history of either a bacteremia or fungemia had a significantly higher chance of receiving IVIG (odds ratio = 5.36, 95% confidence interval = 1.3-27.49, p = 0.026; and odds ratio = 3.04, 95% confidence interval = 1.25-7.51, p = 0.015, for bacteremia and fungemia, respectively).
DISCUSSION
Thirty percent of our patients received IVIG during maintenance chemotherapy, most of whom had hypogammaglobulinemia before IVIG initiation. The multivariate analysis showed a significant relationship between the use of IVIG and patients who received double-delayed intensification and/or had bacteremia or fungemia before maintenance chemotherapy. Past studies have shown that patients are at higher risk of infection during maintenance chemotherapy if they received more intensive regimens before maintenance. A study by van Tilburg et al 3 evaluated infectious complications in patients with ALL in standard-risk and medium-risk categories in the initial 2 years of treatment and found an increase in hospitalizations because of fever in the first half of the intensification/maintenance phase (20-62 weeks after diagnosis). These researchers also showed a significant increase in hospital admissions, days of hospitalization, and episodes of bacteremia in the higher-risk group. 3 Kaul et al 2 performed a treatment-related cost analysis of hospitalizations in the first year of treatment for ALL and found a significantly increased rate of admissions and hospital days for admission in high-risk compared with standard-risk patients. We add to this literature by showing a specific association between the higher-dose chemotherapy and infectious complications before maintenance chemotherapy with the use of IVIG during maintenance chemotherapy.
We furthermore demonstrate that the administration of IVIG in this clinical setting is safe, with no significant reactions in 96.8% of all infusions, minor reactions in 8 other patients, and only 1 neutropenic patient who had to be admitted to the hospital because of fever that started during the IVIG infusion. There were no incidents of serious allergic reaction or anaphylaxis, and no patients required corticosteroids or epinephrine.
Four of the patients in our study were given IVIG as prophylaxis for viral exposure. None of the four children had symptoms of the viral illness after administration of IVIG. A study by van Tilburg et al 22 showed a decrease in antibody levels against vaccine-preventable diseases in children with ALL. In a small study of five children with leukemia who were exposed to varicella and then given IVIG, clinical infection did not develop in any of the children. 23 Our study adds an additional limited piece of evidence to this practice.
The patients in this study were treated at one of five HMO Medical Centers that are located across Southern California.
Ours is an integrated system in terms of physician partnership, hospital system, and an integrated computer system, but there is local control over clinical practice. In this study we found a significant variation in clinical practice between Medical Centers around the use of IVIG. There was a significant difference in the percentage of patients who received IVIG, the number of doses received, and the number of immunoglobulin levels that were checked. There was also variation in the stated indications for the use of IVIG, the length of IVIG use, and indications for discontinuation. This variation in practice is not surprising in the context of the paucity of literature available on the use of IVIG in this setting. Because IVIG is costly in terms of involvement and risk of severe infusion-related reactions to the patient as well as from a utilization standpoint for the health care system, having a more evidence-based, uniform practice would be beneficial.
There are limitations to our study. Because this was a retrospective study, we were not able to obtain certain types of data, such as specific infections treated on an outpatient basis. 
